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(54) Method and apparatus for comparing a sample with a reference using a spider diagram 

(57) A spider-diagram type of display is used to 
compare measured parameter values of a sample of 
interest with reference values for the parameters. The 
reference values are derived from measurements on a 
specified reference set of samples. The derived refer- 
ence values are represented in the spider diagram by 
predetermined reference values that together delimit, 

FIG. 1 



for example, a circle. The measured parameter values 
of the sample of interest are scaled before display 
according to a respective scaling factor determined for 
each parameter by the ratio of the predetermined and 
derived reference values for the parameter concerned. 
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Description 

Field Of the Inv/Pntinr, 

The present invention relates to a method and 
apparatus for comparing a sample with a reference 
using a spider diagram. By "spider diagram" is meant a 
display arrangement in which each of a plurality of sam- 
ple parameters subject to measurement is represented 
along a respective one of a corresponding plurality of 
axes, these axes extending radially from a common 
point in angularly spaced relation; such diagrams are 
also known as "kiviat" diagrams. 

In the present specification, the term "sample" is 
intended to be read in a broad sense to cover any ele- 
ment, entity, system or process which is capable of 
being measured such as, for example, a mechanical 
component, the human body, a computer network, a 
manufacturing process or, as in the specific example to 
be described below, a block of computer code. 

Background of the Invention 

It is well known to use spider diagrams for repre- 
senting the measured values of a plurality of parame- 
ters of a sample. Thus, in US 4.527,240 (Kvitash) a 
spider diagram is used to display the values of a number 
of key parameters of a blood sample. More particularly, 
for a current sample, the measured value of each 
parameter is scaled according to the known global max- 
imum and minimum for that parameter and the scaled 
value is next plotted along the corresponding spider-dia- 
gram axis. The plotted values are then joined up to form 
a pattern characteristic of the current sample. This cur- 
rent-sample pattern is then compared with a reference 
that has been similarly scaled; the reference may be 
either an annulus built from the range of normal values 
for each measured parameter or the set of mean values 
of such parameters. 

One difficulty with the arrangement described in US 
4,527,240 is that the reference against which the cur- 
rent-sample pattern is compared is extremely irregular 
in shape which makes it harder to identify anomolies. 

Furthermore, it may be noted that in the arrange- 
ment of US 4,527,240 the reference values are prede- 
termined, having been previously globally derived to 
give a good representation of the population as a whole. 
There is no mechanism provided by which the current 
sample can be compared with a reference based on a 
specified set of one or more previously measured sam- 
ples. 

EP 0,598,484 (Hewlett-Packard Company) also 
describes a system utilising spider diagrams to display 
the measured values of a plurality of sample parame- 
ters; in this case, the sample under consideration is a 
communications network. In EP 0.598,464, for each 
parameter two alarm thresholds are specified (for exam- 
ple, a "warning" and a "danger" threshold). The scaling 
along each parameter axis is then independently 
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adjusted such that the two corresponding thresholds 
have values of 1 and 2 respectively. As a result, the 
warning thresholds for all parameters form a circle of 
radius 1 whilst the danger thresholds form a circle of 
radius 2. These threshold circles may be considered as 
references against which the current-sample measure- 
ments are compared. 

Whilst the provision of threshold circles in EP 
0,598,484 makes the spotting of anomolies easier as 
compared with the reference-pattern arrangement of 
US 4,527,240, EP 0,598,484 also relies on the preset- 
ting of the reference (threshold) values - though in EP 
0,0,598,484 it is possible for the operator to adjust these 
values. Thus, again, there is no mechanism provided by 
which the current sample can be readily compared with 
a reference based on a specified set of one or more pre- 
viously measured samples. 

It is an object of the present invention to provide a 
method and apparatus for comparing, using a spider 
diagram, a current sample with a reference based on a 
specified set of one or more previously measured sam- 
ples. 

Summary of the Invent inn 

According to one aspect of the present invention, 
there is provided apparatus for comparing measured 
values of a plurality of parameters of a current sample of 
interest with reference values for said parameters, the 
apparatus comprising: 

- a data store for storing measurements of said 
parameters for each sample of a reference set of at 
least one sample; 

- processing means comprising: 

-- first means for processing said measure- 
ments to derive therefrom respective reference 
values for the parameters; 
- second means for determining for each 
parameter a respective scaling factor corre- 
sponding to that adapted to transform the refer- 
ence value for that parameter into a 
predetermined reference-point value, and 
-- third means for taking the measured value of 
each parameter of the current sample, and 
appling thereto the scaling factor determined 
for that parameter whereby to produce a corre- 
sponding scaled measured value; and 

- display means for displaying for each parameter 
along a respective one of a plurality of axes, the 
predetermined reference-point value and the 
scaled measured value determined for that param- 
eter, said plurality of axes extending radially from a 
common point in angularly spaced relation. 

The present invention offers much greater flexibility 
than the above-desribed prior art systems as now the 
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the intersection of that axis with the reference circle 
defining a reference point representing said refer- 
ence value for that parameter; 

- determining a scaling factor for each parameter 
5 based on the inverse of the reference value of that 

parameter; 

scaling the measured value of each parameter for 
the current sample using the scaling factor deter- 
mined for that parameter whereby to produce a cor- 
10 responding scaled measured value; 

- displaying said scaled measured values for the 
current sample along said axes and joining said 
scaled measured values into a polygon. 

is Brief Description of the Drawings 



reference against which the current-sample is com- 
pared can be readily derived to be appropriate to the 
domain concerned by storing appropriate sample data 
in the data store, the apparatus thereafter calculating 
the required reference information. 

Preferably, the predetermined reference-point val- 
ues are such that when displayed they lie on a circle (or 
possibly an ellipse), this circle (or ellipse) being also dis- 
played as a reference. The displayed scaled measured 
values may also be joined together to form a polygon in 
order to facilitate comparison with the reference pattern. 
The parameter axes may be displayed in full, in part or 
even omitted entirely. 

The data store may hold a substantial group of 
samples for which measurements of said parameters 
already exist. In this case, the apparatus advanta- 
geously further comprises means enabling user selec- 
tion of said reference set from said group. 

Although the reference may comprise only one 
sample to which the current sample is to be compared, 
generally the reference set will comprise a number of 
samples including the current sample itself. In this way, 
the current sample can be compared against its peers. 
Preferably, means are provided enabling user selection 
of any desired one of the samples of the reference set 
as the current sample. In additional, means may be pro- 
vided for stepping through said set to take each sample 
in turn as said current sample. 

In the case where the reference set comprises a 
plurality of samples, the aforesaid first means of the 
processing means is preferably arranged to derive the 
reference value of each parameter in terms of a mean of 
the measurements for that parameter associated with 
the samples in the reference set. Advantageously, the 
processing means further comprises means for deter- 
mining for each parameter the corresponding maximum 
and minimum measurements for the samples in the ref- 
erence set, the display means displaying these maxi- 
mum and minimum values along the corresponding 
axis. In this latter case, the parameter axes are prefera- 40 
bly not displayed except between said maximum and 
minimum values. 

According to another aspect of the present inven- 
tion, there is provided a method of comparing measured 
values of a plurality of parameters of a current sample of 45 
interest with reference values for said parameters, the 
method comprising the steps of: 

- providing measurements of said parameters for 
each sample of a reference set of a plurality of sam- so 
pies; 

- processing said measurements to derive for each 
parameter a reference value corresponding to a 
mean of the measurements for that parameters for 

the samples in the reference set; 55 

- providing a display including a reference circle of 
unit radius from the centre of which extend, at least 
notionally, a plurality of angularly spaced axes, 
each axis corresponding to a said parameter and 



A method and apparatus embodying the invention 
will now be described, by way of non-limiting example, 
with reference to the accompanying diagrammatic 
drawings, in which: 

Figure 1 is a diagram of a computer system 
adapted to implement the present inven- 
tion; 

. Figure 2 is a flow chart of a comparison display 
program; 

. Figure 3 illustrates a first form of spider diagram 
display; 

. Figure 4 illustrates a second form of spider dia- 
gram display; 

. Figure 5 illustrates a third form of spider diagram 
display; and 

. Figure 6 illustrates a fourth form of spider dia- 
gram display. 

Best Mode of Carrying Out the Invention 

Figure 1 is a diagram of a computer adapted under 
program control to implement the present invention. The 
main elements of the computer are a processor unit 10, 
a display unit 1 1 , a user input device 12, and a storage 
device 1 3 storing both programs 1 4, 1 5 and data 1 6, 1 7. 

In the present example, the samples of interest are 
blocks of computer code which are to be measured 
according to a number of parameters. In particular, the 
following parameters of each code block are of interest: 

Number of lines of code, 

Number of comment lines in the code, 

Number of branches in the code, 

Number of loops in the code, 

Number of floating point instructions in the code, 

Number of procedure/function calls in the code. 

As indicated at 16 in Figure 1 . each code block sample 
is, in the present case, stored in the storage device 13. 

A measurement program 14 initiated by a user 
through the input device 12, is operative to measure the 
value of each of the aforesaid parameters for the stored 
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code-block sample. The results of this measurement 
process are stored in measurement records 17 also 
held in storage device 13. Each measurement record 
comprises a code-block sample identifier and a meas- 
ured value of each parameter for the identified sample. 

Details of the measurement program 14 will not 
described herein as programs for measuring the afore- 
said parameters are already known and the measure- 
ment program is not itself part of the present invention. 

What is important is the availability to the computer 
of the measured parameter values of the samples of 
interest. Thus whilst in the present example these val- 
ues were derived by operation of the computer itself, in 
other cases the sample parameter values could be 
derived elsewhere and then entered into the computer 
by any suitable means, including user input. External 
input will be the only option in many cases where the 
nature of the samples of interest requires external 
measurement. 

Once measurement records 17 have been derived 
for a group of samples of interest, the user can initiate 
operation of a comparative display program 15 which 
controls the computer to display spider diagrams in 
accordance with the present invention. The main steps 
of the comparative display program 15 will now be 
described with reference to Figure 2. 

According to the present invention, the or each 
sample that is of particular interest has its measured 
parameter values compared on a spider diagram with 
reference values derived from a reference set of one or 
more samples. The first step 20 of the comparative dis- 
play program 15 involves the user defining the composi- 
tion of the reference set of samples by selecting from 
amongst the group of samples whose measurement 
records 17 are available. This user selection may, for 
example, be done through displaying on display unit 1 1 
a list of identifiers taken from the available measure- 
ment records 17. 

In the current example where the samples are pro- 
gram code blocks (such as C or RASCAL functions or 
procedures), the reference set may comprise the set of 
code blocks relating to the same project or overall pro- 
gram. 

Once the reference set has been specified, refer- 
ence values for each measured parameter are deter- 
mined in step 21 by using the measured parameter 
values of the sample or samples making up the refer- 
ence set. Typically, though not essentially, the reference 
value of each parameter will be a mean of the measured 
values of that parameter for all samples in the reference 
set. 

As will be described hereinafter, the reference 
value of each parameter is represented in the final spi- 
der diagram display by a predetermined reference 
value. This predetermined reference value will generally 
be the same for all parameters (for example, of unit 
value), but this is not necessarily so. Whatever value is 
used as the predetermined reference value for a param- 
eter, there effectively exists a scaling factor between the 



reference value derived for that parameter in step 21 
and the corresponding predetermined reference value; 
for example if the derived reference value is '87' and the 
predetermined reference value is T, then the scaling 
5 factor between the two is 1/87. In step 22 of the compar- 
ative display program, the scaling factor associated with 
each parameter is determined and stored. 

In step 23, the sample to be compared with the ref- 
erence set is selected. This selection will generally 
10 involve user selection of the sample either from the 
group of samples for which measurement records are 
stored or from the subset of that group constituted by 
the samples or samples making up the aforesaid refer- 
ence set of samples. 
is Once the particular current sample of interest has 
been selected, the scaling factors determined in step 22 
are applied to the corresponding measured parameter 
values for that sample (step 24) to produce scaled cur- 
rent sample measures. Then in step 25, both the afore- 
20 said predetermined reference values of the parameters 
and the scaled current - sample measures are displayed 
on a spider diagram. 

Figure 3 shows a simple form of spider diagram in 
which there are six equi-spaced radial axes A, B, C, D, 
25 E, F each used to represent values of a respective one 
of the measured sample parameters. For example, val- 
ues of the "number of code lines" parameter may be dis- 
played along axis A. 

All axes have the same calibration so that if, as in 
so the present case, the predetermined reference values 
of the parameters are the same, then these values 
when plotted along their corresponding axes will delimit 
a circle of radius equal to the common predetermined 
reference value. In Figure 3, these predetermined refer- 
35 ence values are shown as "*". 

The scaled current-sample measures are also plot- 
ted along the corresponding axes, each value being 
depicted in Figure 3 by "X". 

The Figure 3 spider diagram does not give an easily 
40 assimulated depiction of the displayed results. Matters 
are greatly improved by joining the plotted predeter- 
mined reference values by a circle (hereinafter, the 'ref- 
erence circle'), and by joining the plotted scaled current- 
sample values to form a polygon. Such a display is 
45 shown in Figure 4. Note that now the plotted values are 
not given any special emphasis (nor, indeed, are they 
separately plotted from the forms they define), the pre- 
determined reference values being at the points of inter- 
section of the reference circle with the axes A to F and 
so the scaled current-sample values being at the vertices 
of the polygon they define. 

The Figure 4 display readily enables a user to see 
which parameters of the current sample of interest are 
above their corresponding references and which are 
55 below. Step 25 of the Figure 2 program therefore prefer- 
ably generates a display of the Figure 4 form rather than 
that of the Figure 3 form. 

Figure 5 show a further form of spider display that 
may be generated in step 25. In this case, the axes A to 
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F have been partially removed, each axis line only being 
left over the range between the maximum and minimum 
values for the parameters found in the reference set 
(these values having been scaled by the parameter 
scaling factor before being used to delimit the displayed 5 
portion of the corresponding axis). The determination of 
the maximum and minimum values of each parameter 
may take place, for example, in step 21 and the scaling 
of these values may take place in step 24. 

In Figure 5 the parameter plotted along axis B is at 10 
the maximum of the values found in the reference set; 
whilst the parameter plotted along axis F is at the mini- 
mum of the reference-set values. This is particularly 
meaningful where the sample of interest is a member of 
the reference set as it indicates that for the axis-B 15 
parameter, the current sample has the maximum value 
of the set, whilst for the axis-F parameter, the current 
sample has the minimum value of the set. 

The Figure 5 form of display is the preferred form. 

The display shown in Figure 6 is similar to that 20 
shown in Figure 4 but in this case the predetermined 
reference values associated with axes B and E has 
been chosen to be larger than the predetermined refer- 
ence values for the other axes. It is therefore no longer 
possible to generate a reference circle but instead a ref- 25 
erence ellipse is displayed, intersecting all axes at the 
corresponding predetermined reference values. Such a 
form of display could be useful where it is wanted to 
emphasize certain parameters. Other reference shapes 
are also possible, preferably of smooth convex form. 30 

Following the display of results for the current sam- 
ple of interest, the user may decide to select another 
sample for study or terminate the program (step 26). 

Rather than having to specifically select samples of 
interest, where a user wishes to study all samples in 35 
turn from the reference set, then step 23 could be imple- 
mented as a mechanism to step through the reference 
set taking each constituent sample in turn as the sam- 
ple currently of interest. 

The above-described selection and scaling steps 40 
enables a user to readily select a reference set relevant 
to the sample which he/she wishes to study and then to 
scale the parameters values of that sample in accord- 
ance with a readily-comparable reference form (circle, 
ellipse, etc). 45 

It will be appreciated that many variants are possi- 
ble to the form of the invention particularly described 
above by way of example. Thus, the number of parame- 
ters measured and displayed can be different from six. 
Furthermore, generally more parameters will be meas- so 
ured than will be displayed at any one time, the user 
selecting which parameters are to be displayed. Provi- 
sion may also be made for the user to adjust the prede- 
termined reference value of each parameter. 

55 

Claims 

1 . Apparatus for comparing measured values of a plu- 
rality of parameters of a current sample of interest 



with reference values for said parameters, said 
apparatus comprising: 

-- a data store for storing measurements of said 
parameters for each sample of a reference set 
of at least one sample; 
-- processing means comprising: 

- first means for processing said measure- 
ments to derive therefrom respective refer- 
ence values for said parameters; 

- second means for determining for each 
said parameter a respective scaling factor 
corresponding to that adapted to transform 
the reference value for that parameter into 
a predetermined reference-point value, 
and 

- third means for taking the said measured 
value of each parameter of said current 
sample, and appling thereto the scaling 
factor determined for that parameter 
whereby to produce a corresponding 
scaled measured value; and 

- display means for displaying for each param- 
eter along a respective one of a plurality of 
axes, the said predetermined reference-point 
value and the scaled measured value deter- 
mined for that parameter, said plurality of axes 
extending radially from a common point in 
angularly spaced relation. 

2. Apparatus according to claim 1 , wherein said data 
store holds a group of samples for which measure- 
ments of said parameters already exist, said appa- 
ratus further comprising means enabling user 
selection of said reference set from said group. 

3. Apparatus according to claim 1 or claim 2, wherein 
said reference set comprises a plurality of samples 
including said current sample. 

4. Apparatus according to claim 3, further comprising 
means enabling user selection of any desired one 
of said samples of said reference set as said cur- 
rent sample. 

5. Apparatus according to claim 3, further comprising 
means for stepping through said set to take each 
sample in turn as said current sample. 

6. Apparatus according to claim 1 , wherein said refer- 
ence set comprises a plurality of samples, said first 
means of the processing means deriving the refer- 
ence value of each parameter as being a mean of 
the measurements for that parameter associated 
with the samples in said reference set. 

7. Apparatus according to claim 1 , wherein said refer- 
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ence set comprises a plurality of samples, said 
processing means further comprising means for 
determining for each said parameter the corre- 
sponding maximum and minimum measurements 
for the samples in said reference set, said display 
mean displaying said maximum and minimum val- 
ues along the corresponding axis. 

8. Apparatus according to claim 7, wherein said axes 
are not displayed by said display mean except 
between said maximum and minimum values. 

9. Apparatus according to claim 1, wherein the dis- 
played said reference-point values together delimit 
a smooth convex form. 

1 0. Apparatus according to claim 9, wherein the display 
means includes means for displaying a reference 
pattern corresponding to said smooth convex form. 
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Apparatus according to claim 1, wherein said dis- 
play means includes means for displaying a poly- 
gon joining the displayed scaled measured values 



20 



12. Apparatus according to claim 1, wherein said dis- 25 
play means displays only a portion of each said 
said axes. 

13. A method of comparing measured values of a plu- 
rality of parameters of a current sample of interest 30 
with reference values for said parameters, said 
method comprising the steps of: 



- providing measurements of said parameters 
for each sample of a reference set of a plurality 
of samples; 

~ processing said measurements to derive for 
each parameter a reference value correspond- 
ing to a mean of the measurements for that 
parameters for the samples in said reference 
set; 

- providing a display including a reference cir- 
cle of unit radius from the centre of which 
extend, at least notionally, a plurality of angu- 
larly spaced axes, each said axis correspond- 
ing to a said parameter and the intersection of 
that axis with the reference circle defining a ref- 
erence point representing said reference value 
for that parameter; 

- determining a scaling factor for each param- 
eter based on the inverse of the reference 
value of that parameter; 

- scaling the measured value of each parame- 
ter for the current sample using the scaling fac- 
tor determined for that parameter whereby to 
produce a corresponding scaled measured 
value; 

- displaying said scaled measured values for 
the current sample along said axes and joining 
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said scaled measured values into a polygon. 

14. A method according to claim 13, further comprising 
the steps of determining for each parameter the 
corresponding maximum and minimum measure- 
ments for the samples in said reference set, and 
displaying said maximum and minimum values 
along the corresponding axis; said axes only being 
displayed between said maximum and minimum 
values. 

1 5. A method according to claim 1 3, wherein said refer- 
ence set is selected from a group of samples for 
which measurements of said parameters already 
exist. 

Amended claims in accordance with Rule 86(2) 
EPC. 

1. Apparatus for comparing measured values of a 
plurality of parameters of a current sample of inter- 
est with reference values for said parameters, said 
apparatus comprising: 

- a data store for storing measurements of said 
parameters for each sample of a group of sam- 
ples; 

- selection means enabling user selection from 
said group of a reference set of at least one 
sample; 

- processing means comprising: 

- first means for processing said measure- 
ments to derive therefrom respective refer- 
ence values for said parameters; 

- second means for determining for each 
said parameter a respective scaling factor 
corresponding to that adapted to transform 
the reference value for that parameter into 
a predetermined reference-point value 
and 

- third means for taking the said measured 
value of each parameter of said current 
sample, and appling thereto the scaling 
factor determined for that parameter 
whereby to produce a corresponding 
scaled measured value; and 

- display means for displaying for each param- 
eter along a respective one of a plurality of 
axes, the said predetermined reference-point 
value and the scaled measured value deter- 
mined for that parameter, said plurality of axes 
extending radially from a common point in 
angularly spaced relation. 

2. Apparatus according to claim 1 , wherein said ref- 
erence set comprises a plurality of samples includ- 
ing said current sample. 
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3. Apparatus according to claim 2, further compris- 
ing means enabling user selection of any desired 
one of said samples of said reference set as said 
current sample. 

4. Apparatus according to claim 2, further compris- 
ing means for stepping through said set to take 
each sample in turn as said current sample. 

5. Apparatus according to claim 1, wherein where 
said reference set is composed of a pluratliy of 
samples, said first means of the processing means 
is operative to derive the reference value of each 
parameter as a mean of the measurements for that 
parameter associated with the samples in said ref- 
erence set. 

6. Apparatus according to claim 1, wherein said 
processing means further comprises means for 
determining for each said parameter, in the case 
where said reference set is composed of a pluratliy 
of samples, the corresponding maximum and mini- 
mum measurements for the samples in said refer- 
ence set, said display mean displaying said 
maximum and minimum values along the corre- 
sponding axis. 

7. Apparatus according to claim 6, wherein said 
axes are not displayed by said display mean except 
between said maximum and minimum values. 

8. Apparatus according to claim 1 , wherein the dis- 
played said reference-point values together delimit 
a smooth convex form. 

9. Apparatus according to claim 8, wherein the dis- 
play means includes means for displaying a refer- 
ence pattern corresponding to said smooth convex 
form. 

10. Apparatus according to claim 1, wherein said 
display means includes means for displaying a pol- 
ygon joining the displayed scaled measured values. 
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ing to a mean of the measurements for that 
parameters for the samples in said reference 
set; 

- providing a display including a reference cir- 
cle of unit radius from the centre of which 
extend, at least notionally, a plurality of angu- 
larly spaced axes, each said axis correspond- 
ing to a said parameter and the intersection of 
that axis with the reference circle defining a ref- 
erence point representing said reference value 
for that parameter; 

-- determining a scaling factor for each param- 
eter based on the inverse of the reference 
value of that parameter; 
-- scaling the measured value of each parame- 
ter for the current sample using the scaling fac- 
tor determined for that parameter whereby to 
produce a corresponding scaled measured 
value; 

- displaying said scaled measured values for 
the current sample along said axes and joining 
said scaled measured values into a polygon. 

13. A method according to claim 12, further com- 
prising the steps of determining for each parameter 
the corresponding maximum and minimum meas- 
urements for the samples in said reference set. and 
displaying said maximum and minimum values 
along the corresponding axis; said axes only being 
displayed between said maximum and minimum 
values. 



11. Apparatus according to claim 1, wherein said 
display means displays only a portion of each said 
said axes. 



45 



12. A method of comparing measured values of a 
plurality of parameters of a current sample of inter- 
est with reference values for said parameters, said 
method comprising the steps of: 

- providing measurements of said parameters 
for each sample of a group of samples; 

- selecting from said group a reference set of a 
plurality of said samples; 

- processing said measurements to derive for 
each parameter a reference value correspond- 
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